We describe radial-velocity time series obtained by HARPS on the 3.60 m telescope in La Silla (ESO, Chile) over ten years and report the discovery of five new giant exoplanets in distant orbits; these new planets orbit the stars HD 564, HD 30669, HD 108341, and BD-114672. Their periods range from 492 to 1684 days, semi-major axes range from 1.2 to 2.69 AU, and eccentricities range from 0 to 0.85. Their minimum mass ranges from 0.33 to 3.5 M Jup . We also refine the parameters of two planets announced previously around HD 113538, based on a longer series of measurements. The planets have a period of 663±8 and 1818±25 days, orbital eccentricities of 0.14±0.08 and 0.20±0.04, and minimum masses of 0.36±0.04 and 0.93±0.06 M Jup . Finally, we report the discovery of a new hot-Jupiter planet around an active star, HD 103720; the planet has a period of 4.5557±0.0001 days and a minimum mass of 0.62±0.025 M Jup . We discuss the fundamental parameters of these systems and limitations due to stellar activity in quiet stars with typical 2 m s −1 radial velocity precision.
Introduction
Thanks to radial-velocity (RV) surveys collecting data since more than 20 years, on one hand, and advanced technologies in high-contrast imaging, on the other hand, the parameter spaces of exoplanets discovered by these two methods are now joined in the regime of massive planets ( Fig.   1 ). Both exoplanet populations rejoin at a semi-major axis of 8-10 AU (i.e., at Saturn's orbit). The types of stars around which these exoplanets are discovered, however, differ much as a result of the detection bias of these two methods: quiet, FGKM stars are more favorable to RV survey stars, and very young (hence, active) nearby stars to direct imaging surveys, these last ones being mostly of AF spectral types. This complementarity is important for obtaining a global architecture of planetary systems and constrain a planet formation scenario, and some overlap is essential to calibrate measured quantities, especially the mass, since it is inferred from photometric measurements in the case of imaged systems (e.g., Spiegel & Burrows 2012; Allard et al. 2013) . With new upcoming instruments such as GPI (Macintosh et al. 2008) and SPHERE (Beuzit et al. 2008 ), more giant planets in the 5-10 AU range will be discovered, some of which will hopefully have a corresponding signature in the RV parameter space, which will allow a gravitational estimate on the planet mass in addition to the spectrophotometric characterization from direct imaging.
In a similar way to how speckles limit the contrast at which a planet can be directly imaged, the search for long-period exoplanets in RV surveys suffers from another noise due to the host star, with activity at the stellar surface generating a RV jitter (e.g., Saar et al. 1998; Wright 2005; Boisse et al. 2011; Dumusque et al. 2011) . With the amplitude of the Doppler wobble decreasing with the orbital distance, even giant planets have signatures whose amplitude can be buried in stellar noise, given that activity-driven RV noise has multiple frequency components, including the one due to several-year long magnetic cycles (Santos et al. 2010) . To correct for stellar activity, very high precision on the usual diagnostics parameters is needed: FWHM and bisector span of the stellar cross-correlation function, and the CaII index.
In this paper, we present four new giant planets discovered by the RV spectrograph HARPS in the volume-limited survey (Lo Curto et al. 2010 ) and discuss their properties: the hot-Jupiter HD 103720 b, and long-period giant planets around HD 564, HD 30669, and HD 108341. In addition, we update the analysis of two systems: HD 113538, composed of two planets for which the best-fit parameters are refined, and BD -114672, whose signal was previously identified to be due to a long-term magnetic cycle (Moutou et al. 2011 ). Host stars are described in Sect. 2, radial-velocity observations and analyses in Sect. 3, and Sect. 4 presents a discussion of these new results.
Characteristics of the host stars
Because they are part of the volume-limited HARPS survey, all stars presented in this analysis are less than 57.5 pc away from the Sun. This particular sample is composed of six medium-age G and K stars. The spectroscopic analysis was performed on the combined HARPS spectra by measuring a set of FeI and FeII weak lines with the code ARES (Sousa et al. 2007 ) and was then used in an homogeneous spectroscopic analysis (e.g., Sousa et al. 2008) . For all stars except HD 113538 and BD -114672 , the stellar parameters (T eff , log g, and [Fe/H]) were taken from the catalog of Sousa et al. (2011) . The Hipparcos parallaxes of van Leeuwen (2007) were used for the luminosity estimation, and finally, mass, radius, and age of the stars were derived from comparisons with theoretical tracks with a Bayesian analysis 1 (da Silva et al. 2006) . All parameters are listed in Table 1 . For HD 113538 and BD -114672 , updates are provided for the spectroscopic analysis, and in addition, masses (and radii and ages) have been corrected from the erroneous values given in Moutou et al. (2011) ; these incorrect mass values were due to missing information in the evolutionary track interface for low-mass stars, which are solved now (Chen et al. 2014 ).
Activity indicators (S MW and log R HK ) were individually estimated on each spectrum, and their range of values is given in Table 1 . Rotation periods of the stars were estimated from their correlations with the chromospheric activity, as described in Noyes et al. (1984) ; Mamajek & Hillenbrand (2008) . HD 30669 and HD 108341 were less affected by chromospheric activity during these past ten years.
Radial velocity data and proposed solutions
Radial-velocity data time series were secured with the spectrograph HARPS, which is mounted full time on the 3.60 m telescope in La Silla, ESO, Chile. The spectrograph is kept in the vacuum under strict temperature control and is fed by an optical fiber with a one-arcsec on-sky aperture.
HARPS (Mayor et al. 2003) The data were processed with the HARPS pipeline, including activity-indicator estimates. The radial velocities were obtained by cross-correlation of the spectra with a numerical mask, as first described in Baranne et al. (1996) . The mask was adapted to the spectral type of the star, that is, a K5 mask for HD 103720 , , . HD 113538 , and BD -114672 , and a G2 mask for ānd . The bisector span, a reliable activity indicator, was measured using the cross-correlation profile (see method in Queloz et al. (2001) ), and its errors were estimated to be twice the RV errors. The CaII H and K chromospheric emission was measured in all spectra (as described in, e.g., Lovis et al. (2011) ) and calibrated to the Mount Wilson S value and, when appropriate, the log R HK . The RV time series were then analyzed with the yorbit software based on a genetic algorithm , and final parameter sets were calculated using a Markov chain Monte Carlo analysis with Metropolis hasting and looped over 500,000 iterations.
The periodograms of the RV observations are shown on Fig. 2 for all targets. Multiple daily and yearly aliases are visible in addition to the signal peak(s). In the following, we discuss our analyses and interpretation of the RV time series for each individual target. 
HD 103720
The 70 HARPS measurements of star HD 103720 show a variability of 100 m s , it is unlikely that activity alone produces such a high RV variation. From calibrations derived between CaII and RV activity jitter (Santos et al. 2000) , one expects a jitter of 9 m s −1 for a star such as HD 103720 , a factor 7 smaller than the RV variability.
In addition, neither the bisector span nor the CaII index shows variations at frequency similar to the 4.5-day period of the velocities, and these quantities are not correlated with velocity. The photometric variability of this star is reported in the VSX 2 database as characterized by a 17-day period and a 0.05 magnitude amplitude (Watson et al. 2014) .
When a Keplerian is adjusted to the RV data of HD 103720 , the RV variations are compatible with the presence of a sinusoidal wobble of amplitude 89 m s −1 that would be produced by a planet of period P = 4.555 days in a circular orbit, and of mass M p = 0.62 M Jup . Figure 3 shows the phasefolded data points together with the best-fit solution and the residuals over time. There is no clear periodicity in the residuals when the main Doppler-induced signal is removed. The residual jitter has an rms amplitude of 11 m s −1 . It excludes another giant planet of more than 1 M Jup in a 70-day circular orbit, and a 4 M Jup planet in a 3000 day orbit. Since the residuals are compatible with the expected jitter, they are attributed to spot and plage activity at the surface of the star, while the main signal is safely attributed to a giant planet in orbit.
The final parameters of the planet are given in Table 2 .
With an orbital period of 4.555 days and a stellar radius of 0.73 R , this giant planet has a 7% probability of transiting the disk of its parent star. All system parameters are given in Table 2 . The ephemeris of a transit configuration are T 0 = 2455388.709±0.047 and P =4.5557±0.0001 days. No attempt to search for the transit has been made.
HD 564
The metal-poor star has been observed during more than ten years with HARPS, during which 99 data points were collected with an average accuracy of 2. (Fig. 4) . The rms of the residuals is 2.9 m s −1 and the periodogram of the residuals does not show any periodicity. This signal would correspond to a 0.33M Jup planet at 1.2 AU from its host star (Table 2 ).
HD 30669
The star¸has been observed 46 times with HARPS over ten years, with an average accuracy of 1.8 m s −1 . It is the least active star of the sample described in this work, with an expected velocity jitter of about 7 m s −1 due to stellar activity (Santos et al. 2000) . The strongest peak in the periodogram of the RV time series lies at about 1680 days. This peak is not present in the periodograms of the CaII index or of the bisector span. Since activity is not an issue, a Keplerian was adjusted to the data, and the best-fit solution corresponds to a signal at a period of 1684±61 days and semi-amplitude 8.6±1.1 m s −1 (Fig. 5 and best-fit model parameters in Table 2 ). The rms of the residuals is 3.6 m s −1 . The periodogram of the residuals shows a weak peak at 150 days that could be due to another companion. The rms of the residuals drops to 1.7 m s −1 when this second signal is adjusted. Since activity is still expected to have a few m s −1 amplitude jitter, we did not consider this additional companion as significant based on the present data set. It could rather be an activity artifact, with a semi-periodic signal at ∼ times the rotational period.
HD 108341
The K star w . as observed 24 times with HARPS over more than ten years, with individual RV errors of 1.9 m s −1 average. The star has a low activity index, and neither the bisector nor the is removed, the rms of the residuals is 1.5 m s −1 , which is at the photon noise limit. Although the periastron passage is still undersampled, resulting in a large, asymmetric uncertainty in the final parameters (Table 2) , we are confident that the detection of a giant planet in an eccentric orbit at about 2 AU semi-major axis is definite. The large uncertainty on the semi-amplitude is due to this incomplete periastron coverage, resulting in a two-peaked posterior distribution of most orbital parameters. The correlation between eccentricity and companion mass, as allowed by the data, is shown in Fig. 7 . At this stage, the companion mass is only poorly constrained (2.3 to 6.9 M Jup in the 68.3% confidence interval). Additional HARPS measurements, especially in August 2015 during next expected periastron passage, will decrease the error bars on the mass, period, and eccentricity. 
HD 113538
We present here an update of the analysis of HARPS measurements of HD 113538 , in which two planets were already reported in Moutou et al. (2011) . We have now collected 75 HARPS measurements of HD 113538 , spanning 3700 days, while there were only 29 (over 2268 days) in the previous study and much uncertainty remained on the parameters of these companions. The star is metal-poor and of late spectral type; the latter explains why log R HK could not be estimated (nor the expected activity jitter), the stellar parameters were beyond reliable calibration boundaries.
However, the behavior of the CaII S index as a function of time shows signs of activity and possible long-term cycling (Fig. 11) . The chromospheric activity of the star currently increases after a minimum about four years earlier. Table 3 . Compared with the earlier solution proposed by Moutou et al. (2011) , they are also affected by the update on the stellar mass (see Sect. 2).
Almost four additional years of continuous monitoring of this star have finally deeply changed the system solution since the first attempt by Moutou et al. (2011) . The new parameters of the system are better constrained. However, with an increase in the chromospheric activity of the star, it is not clear whether the coming years will have optimal conditions to pursue observations on this target. The increasing level of activity may impact the tenuous signal detected from these planets and hamper an even better constraining of their parameters. We made the experiment of removing the last 20 data points, which correspond to the activity increase. It has the effect of reducing the longest period (to 1584±30 days) and slightly changes the position of the second, lower-amplitude and shorter-period signal near 600 days. The final solution achieved on this data set therefore still depends on the specific data set used. With a span of the measurements so close to twice the period of the longest planet (3770-day span and 1820-day period) and a second maximum observed at JD∼2456700, we are confident that our determination using the full data set is currently the most accurate. But another update in a few years would be profitable since there is room for improvement in the determination of the planetary and orbital parameters. However, stellar activity may be an issue as its level is currently increasing. 
BD -114672
We have doubled the number of HARPS measurements of star BD -114672 since the first observation reported by Moutou et al. (2011) and updated the stellar mass (Sect. 2). The new data set spans 3271 days and is composed of 40 measurements, with an average uncertainty of 1.8 m s −1 . In the previous analysis, we had stayed conservative as the combined analysis of the activity and RV data was inconclusive. There was a non-negligible correlation between the cross-correlation function parameters and the CaII index, and the bisector was anticorrelated with the velocities. Since the time span of the observations was then also too short compared with the possible period and because activity potentially was a problem, we proposed conclusions of both a long-distant planet and a magnetic cycle.
With the increased data set, the impact of activity has dropped. As shown in Fig. 10 , the anticorrelation between the bisector span and the radial velocity is not visible anymore. The evolution of the CaII S index with time ( Fig. 11 ) is now constant. Finally, the correlation between this index and the FWHM of the cross-correlation function (as evoked in Moutou et al. (2011) ) is weaker, with a coefficient decreasing from 72% to 50%.
The planet scenario, in turn, has gained significance. The peak in the periodogram is more pronounced, and with two cycles just covered, the RV signal is better determined. A Keplerian fit gives a best solution characterized by a period of 1667 days, a circular orbit, and semi-amplitude 13 m s −1 , as shown in Fig. 9 . The exact parameters and their errors after the MCMC analysis are given in Table 2 . The rms of the residuals is 2.9 m s −1 when this signal is removed. The O − C residuals do show some pattern when plotted against the FWHM of the cross-correlation function, meaning that chromospheric activity is still present, but at a lower level that previously thought. 
Discussion
RV Doppler signals due to planets are plagued by stellar activity (e.g., Saar et al. 1998; Desort et al. 2007; Boisse et al. 2009 ). Even searching for giant planets, this may remain the main problem.
Removing activity signatures (e.g., Dumusque et al. 2011; Haywood et al. 2014 ) is only possible when the highest precision is obtained on the RV measurement and on other parameters of the cross-correlation function and when the highest S/N spectra are collected, since the CaII emission is measured on the bluest part of the spectra, which receive the lowest photon count on these relatively cool objects. If activity correction is expected to improve the extraction of the planet signal, The complexity of stellar surfaces in some stars prevents a clear BIS-RV relation from appearing, as in Boisse et al. (2009); Melo et al. (2007) , and an auto-correction of the cross-correlation function (i.e., removal of the BIS-RV slope) is impossible or would just add random noise. In the second case, the RV time series of BD -114672 showed a significant correlation with the CaII index and the bisector span based on the first five years of measurements, and these correlations are not significant anymore after five additional years of observations. In the last case, there is a peak near the orbital period in the Lomb-Scargle periodogram of the CaII measurements of ,¯although its main properties show a quiet solar-like star. Dispersion in the activity indicators of īs also seen, and the signal amplitudes are small, which complicates the global interpretation. In all three cases, we are confident about the planetary signals as interpreted in Sect. 3, but future measurements could induce modifications of these conclusions.
The long-term evolution of all these activity parameters and their dependencies on the radial velocity are thus difficult to understand, especially with a limited amount of observing time per target in a volume-limited survey, where the highest precision or the densest observing cadence cannot be achieved.
In the case of hot Jupiters, it has been expected that massive planets close to the star surface may induce extra photospheric activity (Shkolnik et al. 2003) . The host star of the hot Jupiter HD 130720 b is an active star, and we searched for the potential signature of activity of such a star in our measurements. With a stellar rotation period of about 10 days, and thus at a synodic period of ∼8 days, no visible trend is visible in our data, however, the S/N of the individual CaII measurements is much lower than in previous similar attempts (Shkolnik et al. 2008; Fares et al. 2012 ). As expected, we found no period in the CaII index that could indicate induced activity. In addition, the Galex flux of HD 103720 in the far-UV and near-UV domain was compared with the general population of stars with hot Jupiters and distant Jupiters, as discussed in Shkolnik (2013) :
the UV flux values are similar to those of other planet hosts, and this new case fits well with the conclusions of this study (i.e., no clear impact on the UV stellar flux from the close-in planet).
The long-period giant planets constitute the important population from which the overlap with the direct imaging method is possible. Of the new planets presented in this work, the system around HD 113538 is the most promising regarding angular separation, as a planet-star separation of 0.08 and 0.15 arcsec is expected for the inner and outer planets. This corresponds to 1.5 and 3 times the resolution in the J band and could be within reach of the new-generation extreme adaptiveoptics instruments such as ESO/SPHERE and Gemini/GPI. However, the system is evolved (age of several Gyr), and both these planets have a minimum mass smaller than the Jupiter mass, and their intrinsic luminosity is extremely faint (absolute magnitude 35 or more) while the reflected luminosity is damped by a too large orbital distance.
The new planets have been added to the known population of giant exoplanets (filled circles in b has a mass similar to that of Saturn; if it were, as Saturn, orbited by a set of moons, especially large ones like Titan, life as we know it could probably emerge and develop on these moons (Williams et al. 1997) . Detection of such a moon with the current methods and instruments is extremely challenging, however, as outlined by Kipping (2014) .
Finally, the systems characterized here would strongly benefit from additional observations.
As discussed above, such planets in a period range longer than three years with a semi-amplitude RV signal of a few tens of m s −1 are numerous, and the planet parameters may vary with time when the full period of the orbit is not covered, the stellar activity is somewhat high, or/and the observational signal-to-noise ratio is too low for a precise measurement of the activity indicators.
A long observing sequence allows either to average the activity signal down, to select parts of the sequence that are less affected, or to reveal additional companions that create the RV jitter.
Long-term observational efforts using ELODIE/SOPHIE (Boisse et al. 2012) , Lick/Keck-HIRES (Fischer et al. 2014) , CORALIE (Marmier et al. 2013 We are grateful to the ESO staff for their support during observations. 
